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METHODS AND APPARATUS FOR CULLING SORTED, BACK FACING 

GRAPHICS DATA 

BACKGROUND OF THE INVENTION 

[0001] Field of the Invention. The present invention relates generally to methods and 
apparatus for rendering digital objects and, more specifically, to methods for identifying polygons 
that are back facing relative to a reference point and for culling the data of such back facing 
polygons prior to rendering. In particular, the methods and apparatus of the present invention 
decide whether to cull data for a particular polygon after the vertices of that polygon have been 
sorted to facilitate the accelerated processing of the polygons. 

[0002] Background of the Related Art. As is well known in the art, computers typically 
break three-dimensional objects down into a series of polygons {e.g., triangles), which together 
make up the outer surfaces of the three-dimensional object. The relative positions of each of the 
polygons of a three-dimensional object are typically stored and manipulated in digital form[;] 4 i.e., 
a series of 0's and l's that indicates the [relative ]locations of the polygons relative to one another 
on the three-dimensional object, as well as the positions, or locations (i.e., x-, y-, and z- 
coordinates), of the vertices of each polygon of the three-dimensional object. Accordingly, for 
purposes of this disclosure, the digital form of a three-dimensional object is referred to as a 
"digital robiecfM obiect" 

[0003] The data for each polygon of a digital object typically includes positional data for 
at least three vertices of the polygon along two adjacent edges. If the polygon is a triangle, the 
digital make-up of the triangle includes positional data for all three vertices of the triangle. 
Typically, the positional data for the vertices of each polygon of the digital object are arranged in 
the same orientation, or order. For example, the positional data for the vertices of all of the 
polygons of a digital object may be ordered around the peripheries of the polygons in a 
[clockwise I clockwise (CW) orientation or in a rcounter-clockwise] counterclockwise (CCW) 
orientation. 

[0004] In addition to breaking a three-dimensional object down to data representative of 
the vertices of a collection of polygons having specific relative positions, characteristic data (e.g., 
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color, shading, texture) for the entire three-dimensional object, for a portion thereof, or for each 
polygon or a small set of polygons may also be stored and processed in digital form. 

[0005] When viewed from a specific reference point, such as from the viewpoint of a 
computer user looking at a video monitor or from one looking at an image on paper, a digital 
three-dimensional object is shown in two dimensions. Typically, only the portions of the digital 
object that face, or that are visible from, the reference point are shown. These portions of the 
digital object are the so-called "front facing" polygons of the digital object. This is true both 
when the digital object is in a stationary position and when the digital object is being moved or 
manipulated. 

[0006] Polygons of a digital object that do not face the reference point are typically 
referred to as "back facing" polygons. Relative to the reference point, the vertices of a back 
facing polygon have an orientation that is opposite the actual orientation of the vertices of that 
polygon. For example, if a polygon with CW-oriented vertices is back facing, the vertices will 
appear, from the reference point, to have a CCW orientation. 

[0007] As back facing polygons of a digital object do not face a reference point, such as 
a viewer, back facing polygons are typically not displayed to the viewer. Accordingly, prior to 
rendering each synthesized, or rendered, image (i.e., each particular orientation or state), or 
scene, of the digital object, the other, [non-visible]nonvisible, back facing polygons of the digital 
object are typically culled, or eliminated from further processing until an image of the digital 
object has been rendered. By culling data for back facing polygons, rendering of an image of the 
digital object will be accelerated. 

[0008] Prior to rendering an image of the digital object, the positional data for the 
vertices of a polygon are typically evaluated to determine whether, relative to the reference point 
of a viewer, the polygon is front facing or back facing. 

[0009] Once the polygons of an image or scene of a digital object are transformed into 
the viewer's perspective (i.e., a two-dimensional image), the sign (S) of the z-axis term of the 
cross product, or cross product term (CPT), of two edges of each transformed polygon will 
indicate the orientation of vertices of the polygon (e.g., whether the transformed polygon has a 
CW or CCW orientation). For example, if the vertices of a polygon are oriented CW, the actual, 
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or original, sign bit (S 0 ) is a ["l".] "!" If the vertices of a polygon are oriented CCW, the actual, 
or original, sign bit (S 0 ) is a ["Q"/| "o " This sign bit is then used to compare the (two- 
dimensional) position of each polygon in the image to be rendered to its actual, or original, 
orientation on the object (its two-dimensional orientation when front facing). If these orientations 
are not equal, the polygon is determined to be a back facing polygon and the data is culled from 
the rendering process. 

[0010] [A]An example of a conventional method for back face culling includes selecting 

the vertices, V0, VI, and V2, along two adjoined edges of each polygon. For purposes of this. 

disclosure, V0, VI, and V2 refer to the order in which the positional data for the vertices of a 

polygon are introduced into a rendering application; these designations do not necessarily refer to 

the order in which vertices are located around the periphery of the polygon. The two-dimensional 

x-axis and y-axis positions of each of the vertices of a polygon of a digital object to be displayed 

or otherwise output are then determined, with VO.x, Vl.x, and V2.x being the respective x-axis 

positions of vertices V0, VI, and V2 and VO.y, VI. y, and V2.y being the respective y-axis 

positions of vertices V0, VI, and V2. The differences between the x-axis and y-axis positions of 

each of the selected vertices are then determined, for example, as follows: 

X10 = Vl.x- VO.x; 
Y12 = VI. y- V2.y; 
X12 = Vl.x- V2.x; and 
Y10 = Vl.y- VO.y. 

The [cross product term] CPT for the polygon is then calculated, as follows: 

CPT = (X10 x Y12) - (X12 x Y10). 

Assuming that the digital order in which the positional data for the analyzed vertices, V0, VI, and 

V2, are arranged remains unchanged from the order in which the positional data for these vertices 

was introduced into the rendering application, the sign (S) of the CPT (S = sign(CPT)) is then 

used to determine whether or not the data for the analyzed polygon should be culled prior to 

rendering. If the actual orientation of the vertices of the polygon was CW (i.e., S 0 = 1) and S = 0, 

the analyzed polygon is back facing and, accordingly, the positional data for that polygon is 

culled. Alternatively, if the actual orientation of vertices of the polygon was CCW (i.e., S 0 = 0) 

and S = 0, the positional data for the vertices of the polygon is retained for rendering purposes, as 
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the polygon is front facing relative to the reference point and the polygon will be shown when the 
digital object is displayed or otherwise output. 

[0011] In rendering a two-dimensional image of a three-dimensional digital object, it is 
often necessary to sort the vertices of each polygon. For example, the positional data for the 
vertices of a particular polygon of the digital object may be introduced into the rendering 
application in a particular order, which is then changed, such as in a triangle setup operation, to 
facilitate rendering of the polygon. Accordingly, the positional data for the various vertices of the 
polygon may be re-ordered, or shuffled, which will change a [cross product terml CPT that is 
based on the order in which the positional data for the vertices is presented. Thus, while 
conventional methods for culling back facing polygons decrease the amount of time necessary to 
render an image of a digital object, the vertex differences or CPT's calculated by these methods 
cannot be reliably reused for subsequent rendering operations, such as polygon characterization 
processes (e.g., determining the coloration, shadowing, or texturing of a polygon). As a 
consequence, the vertex differences or CPT's must be recalculated once sorting has occurred. 

[0012] Moreover, if the positional data for the vertices of a particular polygon are 
sorted prior to determining the vertex differences or CPT's, without having the positional data for 
each vertex tied to an indicator of the position of the vertex on the polygon, the sign of a 
subsequently calculated CPT could provide incorrect information about whether the polygon is 
front facing or back facing. 

[0013] No known prior art method or apparatus uses a [cross product term] CPT 
obtained by evaluating sorted vertices that can be used in analyzing polygons of a graphic image 
and determining whether to cull data representative of each analyzed polygon. Similarly, no 
known method or apparatus is used for calculating a CPT that may be used both in decisions to 
cull back facing polygons of a digital object and in subsequent rendering operations. 
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SUMMARY OF THE INVENTION 
[0014] The present invention includes a method for using sorted vertices to make a 
decision on whether to cull back facing polygons. Apparatus and systems fusel using the method 
to display one or more images of a digital object are also within the scope of the present 
invention. 

[0015] The method of the present invention includes sorting the vertices of at least one 
polygon of a digital object, determining a [cross product term (]CPT[)] for the sorted vertices of 
the polygon, and determining whether or not the sign of the [cross product term (]CPT[)] should 
be reversed, or multiplied by -1. 

[0016] Methods incorporating teachings of the present invention facilitate the use of 
sorted vertices in calculating the positional differences between the sorted vertices, as well as the 
use of sorted vertices in calculating a [cross product term]CPT for the sorted vertices. The sign 
of the [cross product terml CPT may then be used to determine whether the analyzed polygon is 
back facing and, if so, to indicate a decision to cull data representative of the polygon from the 
process of rendering an image of a digital object of which the back facing polygon is a part. In 
addition, the positional differences and [cross product term ]CPT calculated in accordance with 
teachings of the present invention for each analyzed polygon may also be used in other operations 
relating to the processing or rendering of that polygon and of a digital image of which that 
polygon is a part. 

[0017] The data for the vertices of each polygon of a digital object may be sorted by 
known processes, such as those employed in triangle setup procedures. Once the data is sorted, a 
[cross product terml CPT for the data may be determined, also using known processes. 

[0018] Sorted and potentially rearranged vertices are used in accordance with the 
method of the present invention to determine the positional differences between the selected 
vertices of each analyzed polygon of a digital object, as well as the [cross product term (]CPT[)] 
of the selected vertices. Nonetheless, because the order of the selected vertices of each analyzed 
polygon may have been rearranged, the positional differences between adjacent ones of the 
selected vertices of each analyzed polygon and the [cross product term (]CPT[)] of each analyzed 
polygon may not indicate whether an analyzed polygon is a front facing or back facing polygon. 
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Rather, the sign of the [cross value term]CPT may indicate that a front facing polygon is back 
facing or that a back facing polygon is front facing. The method of the present invention, 
therefore, includes a process wherein the order into which the data for the vertices of the polygon 
has been sorted is analyzed to determine whether or not the sign of the [cross product term 
(]CPT[)] should be changed, or inverted, prior to making a back face culling decision. An 
exemplary embodiment of this process includes computing a decision variable, T, to determine 
whether to change the sign of the [cross product term]CPT (e.g., from positive to negative or 
from 1 to 0, or from negative to positive or from 0 to 1). 

[0019] Since the [cross product term (]CPT[)] and the values of the positional 
differences between the vertices of each analyzed polygon are based on sorted vertex data, these 
values may be used in other operations, such as coloring, shading, and texturing, that are 
conducted on each front facing polygon prior to rendering an image of a digital object. 

[0020] Other features and advantages of the present invention will become apparent to 
those of ordinary skill in the art through consideration of the ensuing description, the 
accompanying drawings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] In the drawings, which illustrate exemplary embodiments of the present 
invention: 

[0022] FIG. 1 is a schematic illustration of a three-dimensional digital object, including, 
from the reference point of a viewer's perspective, front facing polygons, shown in solid lines, and 
back facing polygons, which are not shown[ in phantom]; 

[0023] FIG. 2 is a flow diagram that illustrates the method of the present invention; 

[0024] FIG. 3 schematically depicts a polygon of the digital object illustrated in FIG. 1; 

and 

[0025] FIG. 4 is a schematic representation of a system and apparatus that operate 
under control of a program incorporating methods of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0026] With reference to drawing FIG. 1, a three-dimensional digital object 10 is 
schematically illustrated. At least an outer surface 12 of digital object 10 is made up of a plurality 
of polygons 14, which are illustrated as being triangles having substantially identical dimensions. 
Each polygon 14 of digital object 10 includes at least three vertices 16, or corners. The numeric 
data stored for each polygon 14 of digital object 10 represents the positions of each vertex 16 of 
polygon 14 in the x-, y-, and z-axes. Data representative of the positions of the at least three 
vertices 16 of all of the polygons 14 that make up at least outer surface 12 of digital object 10 are 
used in various processes, including movement or manipulation of digital object 10, as well as in 
rendering an image of digital object 10. 

[0027] A digital object 10 is rendered to display an image of digital object 10 to a 
viewer, such as on a computer monitor or on a printed page. Once the digital object has been 
manipulated or moved relative to a reference point, such as the perspective of a viewer, the digital 
object must be Ire-rendered! rerendered to indicate movement thereof to the viewer. 

[0028] In rendering an image of a digital object 10, data regarding the orientation of 
digital object 10 and of the polygons 14 thereof is evaluated and data representative of the 
positions of the vertices 16 of each polygon 14 of digital object 10 is used to "build" [and]an 
image of digital object 10 as it is to be shown to a viewer, such as on a computer monitor or on a 
printed page. The present invention includes methodology for effecting a portion of the rendering 
process, wherein the vertex 16 data for each polygon 14 of a digital image 10 is sorted, then the 
data for vertices 16 of polygons 14 that will not be visible from the reference point of a viewer 
(e.g., a computer user) will be culled, or omitted, from the rendering process, thus consuming less 
random access memory of a computer and speeding up the rendering process. 

[0029] Illustrated in drawing FIG. 2 is a flow diagram illustrating the sorting and back 
face cull decision-making processes of the present invention. 

[0030] Illustrated in drawing FIG. 3 is a graphic representation of an analyzed polygon 
14 of a digital object 10 (see FIG. 1). As illustrated, polygon 14 is a triangle and includes three 
vertices 16a, 16b, and 16c. 

[0031] With reference to both drawing FIG's. 2 and 3, prior to rendering an image of 
digital object 10, data for each vertex 16 of each polygon 14 of digital object 10 are sent to a 
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portion of a processor under control of a sorting application, as shown at reference character 1 10 
of FIG. 2. The order in which data for each of vertices 16a, 16b, 16c of polygon 14 are sent to 
the processor to be sorted may or may not be arbitrary. For example, the positional data for each 
of the vertices of a polygon may be organized in an order that facilitated a determination of new 
positions of each vertex following movement of the digital object. While the positional data for 
each of the three or more vertices of a polygon is "tied [to",]to^ or associated with, that polygon, 
in order to conserve memory, the positional data may not be associated with an indicator for a 
position of a vertex on the polygon relative to other vertices of the polygon[,]; rather, 
corresponding x-axis, y-axis, and z-axis data could be associated with a particular vertex based 
merely on the relative bit locations of these data. 

[0032] Data representative of the actual CW or CCW orientation of vertices 16a, 16b, 
16c of all of the polygons 14 of digital object 10 may also be sent to the processor, also at 
reference character 1 10 of drawing FIG. 2. 

[0033] As the data for vertices 16a, 16b, 16c may be sent to the processor in an 
arbitrary order, the data representative of the positions of vertices 16a, 16b, 16c are then sorted, 
or organized or ordered, as indicated at reference character 1 12 of drawing FIG. 2, in a manner 
that facilitates further processing and use of data representative of the positions of vertices 16a, 
16b, 16c and other values based thereon in rendering of an image of digital object 10. 

[0034] For example, in triangle setup, the coordinates of vertices 16a, 16b, 16c are 
rasterized so the locations of the lines that define edges 18a, 18b, 18c of each polygon 14 of 
digital object 10 may be determined and front facing polygons 14 may be rendered. Rasterization 
could proceed in any order (e.g., horizontally from top to bottom or from bottom to top, or 
vertically from left to right or from right to left). Accordingly, the order of the vertices is 
determined based on the order of rasterization. To compute the lines, or polygon edges 18a, 18b, 
18c, between vertices 16a, 16b, 16c of polygon 14, the relative positions of vertices 16a, 16b, 16c 
must be determined and the order in which positional data representative of each vertex 16 is 
processed may be changed, depending on the order of rasterization. As an example of the manner 
in which vertices 16 may be organized, the following series of equations may be used: 
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If ((Vl.y = VO.y) AND (VLx < VO.x)) 


SORT[0] = 1 


Else if (VI. y< VO.y) 


SORTfO] = 1 


Else 


SORTfO] = 0 



This series of equations arranges the positional data for vertices 16 of polygon 14 in order of their 
relative vertical positions. If two vertices 16 have the same vertical orientation, these two vertices 
16 are then organized according to the relative horizontal positions. 

[0035] As the [cross product term (]CPT[)] for a particular polygon 14 of a digital 
object 10 or the sign of the [cross product term]CPT may depend on the order in which the 
positional data for each of vertices 16a, 16b, 16c of polygon 14 is introduced into a processor, 
sorting of the vertex data may change one or both of the [cross product term (]CPT[)] and the 
sign thereof As a consequence, a [cross product term (]CPT[)] that is calculated before 
positional data for vertices 16 of polygon 14 is sorted may not be useful in processes that follow a 
back face culling decision. 

[0036] Once sorting has occurred, or concurrently with sorting the vertices of an 
analyzed polygon of a digital object, as depicted at reference character 1 14 of drawing FIG. 2, an 
orientation decision variable may be computed (e.g., by the processor) to provide information 
about whether or not the sign of a [cross product terml CPT for an analyzed polygon 14, which 
has yet to be calculated until after the positional data for vertices 16 of analyzed polygon 14 has 
been sorted, will accurately indicate the orientation of vertices 16 of analyzed polygon 14. If the 
orientation decision variable indicates that the sign of the [cross product termJCPT will not 
accurately indicate the orientation of vertices 16 of analyzed polygon 14, the orientation decision 
variable for polygon 14, which is to be subsequently used in a back face culling decision to denote 
that the apparent orientation of vertices 16 of analyzed polygon 14, as indicated by the sign of the 
[cross product term]CPT, is opposite the actual orientation of vertices 16 of polygon 14 when 
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viewed from a particular reference point R. Accordingly, the orientation decision variable 
indicates that the actual orientation of vertices 16 of polygon 14 is inverted from the apparent 
orientation of vertices 16, as indicated by the sign of the [cross product term (]CPT[)]. 

[0037] As evidenced in the exemplary set of equations provided above, the orientation 
decision variable may be a [three bitl three-bit variable that is determined substantially 
concurrently with sorting of the positional data for each vertex 16 of a polygon 14. By way of 
example, the following table illustrates, for each sort indication variable, the order in which 
vertices 16 of polygon 14 have been sorted (from sort step 2 to sort step 0, or [2:0]), relative to 
the [pre-sorting]presorting orientation, as well as the corresponding one bit orientation decision 
variable (T): 



SORT [2:0] 


Relative Vertex Order 


T 


000 


V0, V2, VI 


1 


001 


N/A 


N/A 


010 


V0, VI, V2 


0 


011 


VI, V0, V2 


1 


100 


V2, V0, VI 


0 


101 


V2, V0, VI 


1 


110 


N/A 


N/A 


111 


VI, V2, V0 


0 



[0038] Based on the sorted vertices, a [cross product term (]CPT[)] may be calculated 
by the processor), as indicated at reference character 1 16 of drawing FIG. 2. The sign of 
the [cross product term]CPT, which is determined (e.g., by the processor), as known in the art, at 
reference character 1 18 of drawing FIG. 2, along with the orientation decision variable, may then 
be used in a back face culling decision (e.g., by the processor), as depicted at reference character 
120 of drawing FIG. 2, to determine whether the orientation of an analyzed polygon 14 has 
changed from its actual orientation. For example, if vertices 16 on each polygon 14 of a digital 
object 10 are actually oriented CW, the sign of the [cross product terml CPT indicates a CCW 
orientation, and the decision variable (e.g., a "1") indicates that sorting has switched the sign of 
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the [cross product term (]CPT[)], the data for an analyzed polygon 14 will be used in rendering an 
image with that polygon 14 displayed. Alternatively, if, for a polygon 14 that is actually CW- 
oriented, the sign of the [cross product term (]CPT[)] indicates a CCW orientation and the 
decision variable (e.g., a "0") indicates that sorting has not altered the sign of the [cross-product 
term (]CPT[)], the sign of the [cross product term]CPT and the orientation decision variable 
together indicate that an analyzed polygon 14 is a back facing polygon and the data for polygon 
14 is, therefore, culled. 

[0039] A [cross product term (]CPT[)] that has been calculated following sorting of the 
data may also be used in processing that follows a sorting operation such as triangle setup but that 
must occur before the digital object is rendered. For example, but not to limit the scope of the 
present invention, a [cross product term (]CPT[)] that is calculated after sorting of the positional 
data for the vertices of a polygon may be used, as known in the art, to process various 
characteristic parameters of the polygon, such as the shadowing, color, or texture of the polygon, 
based on the position of the polygon on the digital object relative to a specific reference point R. 

[0040] Accordingly, methods incorporating teachings of the present invention facilitate 
the faster processing of polygon data, as well as a reduction in the amount of memory required to 
process the polygon data. 

[0041] As the method of the present invention is particularly useful when embodied as a 
set of instructions to control various decisions made by logic circuits of a computer processor, the 
present invention also includes apparatus and systems that process and display one or more 
images of digital object 10 or a portion thereof in accordance with teachings of the present 
invention. Illustrated in drawing FIG. 4 is an exemplary embodiment of such a system 200 and its 
component apparatus. For example, a system 200 incorporating teachings of the present 
invention may include a computer 210 with a processor 212 and memory 214 associated 
therewith, as well as hardware and programming configured to output one or more full or partial 
images of a digital object 10 to an apparatus that facilitates viewing of the image by a user, such 
as a monitor 216 or a printer 218. 

[0042] Various logic circuits of processor 212 may be configured or programmed, such 
as by a back face culling application, to perform certain tasks in accordance with the inventive 
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method. For example, a first logic circuit of processor 212 may sort data representative of at least 
three vertices 16 (FIGs. 1 and 3) of at least one polygon 14 (FIGs. 1 and 3) of digital object 10 
(FIGs. 1 and 3), a second logic circuit of processor 212 may be configured to generate an 
orientation decision variable based on relative positions of vertices 16, and a third logic circuit of 
processor 212 may calculate a [cross product term]CPT of vertices 16 following sorting thereof 
by the first logic circuit. The first and second logic circuits of processor 212 may operate 
substantially concurrently, or at different times. When under control of a program that effects the 
method of the present invention, processor 212 may also include a fourth logic circuit that 
determines a sign of the [cross product term]CPT. Processor 212 may also include a fifth logic 
circuit that determines an orientation of one or more polygons 14 of digital object 10 based on the 
sign of the [cross product term]CPT and the orientation decision variable. The fifth logic circuit 
may also decide whether to cull data of vertices 16 based on the orientation of the corresponding 
polygon 14. 

[0043] These logic circuits may comprise completely separate circuits of processor 212, 
or any combination of these logic circuits may be partially combined. 

[0044] Although the foregoing description contains many specifics, these should not be 
construed as limiting the scope of the present invention, but merely as providing illustrations of 
some of the presently preferred embodiments. Similarly, other embodiments of the invention may 
be devised which do not depart from the spirit or scope of the present invention. Moreover, 
features from different embodiments of the invention may be employed in combination. The 
scope of the invention is, therefore, indicated and limited only by the appended claims and their 
legal equivalents, rather than by the foregoing description. All additions, deletions, and 
modifications to the invention, as disclosed herein, which fall within the meaning and scope of the 
claims are to be embraced thereby. 
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